INTRODUCTION
plant fibre known to mankind (Marcus 2009 ). The specific strength (strength/density) and stiffness of hemp fibres are on par with glass fibres (Shahzad 2013; Charlet et al. 2009; Thwe and Liao 2002) . The thermal degradation of natural fibres occurs in two stages. The first stage occurs between 220-280°C where degradation of hemicellulose occurs while the second degradation stage occurs between 280-300°C with the degradation of cellulose and lignin (Khalid et al. 2011; Yang and Kokot 1996) . Shahzad (2013) studied the physical and mechanical properties of hemp fibres to assess the suitability of hemp fibre as reinforcement in composite materials. Hemp fibres with mean width of 67±26 µm had tensile strength and tensile modulus of 277±191 MPa and 9.5±5.8 GPa, respectively. The mean tensile strength and modulus values of 4 µm diameter hemp fibres were 4200 MPa and 180 GPa; whereas for hemp fibre of 66 µm diameter, the corresponding values were 250 MPa and 11 GPa, respectively (Prasad and Sain 2003) . As the fibre diameter decreases, the tensile properties increase due to a decrease in the amount of flaws in the fibres. The hemp yarn fibres have good tensile properties and the ultimate stress and stiffness of hemp yarn were in the range of 550-650 MPa and 50-65 GPa, respectively (Madsen 2003) . Hemp fibres are used in production of cords, clothing and have potential for reinforcement in polymer matrix composites (Dhakal et al. 2006) . Nowadays, expensive steel cables are used to hang temperature and moisture sensors inside grain bins. The major load acting on temperature and moisture cables inside the grain silo is the vertical frictional load. Schwab et al. (1991) reported a maximum vertical load of 3600 N on the temperature cable hanging inside a full size grain bin loaded with wheat. But the existing temperature and moisture cables with twisted steel cables are having much higher tensile strength (OPI systems 2015). The natural fibre cables are inexpensive and may be used for this purpose. The objective of this study was to assess the suitability of natural fibre ropes for use as sensor cables inside grain bins. The tensile strength and extension of hemp and sisal ropes with different diameters were determined at various temperatures ranging from -40°C to +60°C.
MATERIALS AND METHODS The raw materials selected for the study were hemp and sisal ropes of 6, 8, and 10 mm diameters. The hemp ropes were bought from a Canadian hemp rope supplier (Barry Cordage Ltd., Montreal, QC). The 6 mm diameter sisal rope was obtained from Walmart (Winnipeg, MB), 8 mm was obtained from Minke Ventures Inc. (Langley, BC) and 10 mm from Home Depot (Winnipeg, MB).
The ropes with different diameters were cut into different lengths (30 cm and 45 cm length) and were placed in a chest freezer (Model: 45-3.1A, Scientemp Corporation, Adrian, MI, USA), an environmental chamber (Model: C1010, CONVIRON, Controlled Environments Limited, Winnipeg, MB) or a hot air oven (Thermocenter (TC) 40, Salvis Lab, Risch-Rotkreuz, Switzerland) controlled to set temperatures for around 18 h. For testing at -40, -30, -20, -10 and 0°C, samples were placed in the chest freezer; for 10, 20, 30 and 40°C, the samples were placed in the environmental chamber (40% relative humidity (RH)); and for 50 and 60°C, the samples were placed in the oven.
After the 18 h acclimation period, the tensile strength of samples was measured by tensile testing of samples (settings: Primary speed 50.8 mm/min; load range 8896.4 N and displacement range 256 mm) using an ATS tensile tester (No. A931026-11-93; Applied Test Systems Inc., Butler, PA, USA). The tensile strength testing was performed based on the ASTM standard (ASTM 2014) test method for tensile properties of fibre with a slight modification in sample holder design. In an initial design of the sample holder for tensile testing, the ropes were tied around the rod and clamped with pins. But the clamps failed to hold the rope. Different types of clamps and knots were tried but the ropes loosened up and yielded during the tensile test. The sample holder was then modified by making a hole in the middle of the rods, so that the ropes were inserted in the holes and knots were tied at the top and bottom (Fig. 1) . During tensile testing, the extension of rope was measured using a measuring tape (Model: Stanley FatMax 5m/16', Stanley Tools Product Group, New Britain, CT). The tape was held close to the sample marked at 15 cm and the extension of sample between the 15 cm mark was measured. This measured extension is reported in this article to evaluate whether extension of ropes was linear, irrespective of initial sample lengths at which samples (30 cm and 45 cm length) were prepared and tested. Breaking load of 2 mm diameter twisted steel cable (45 cm length) was measured in triplicate at room temperature using the same sample holder for comparison purpose.
The extension or shrinkage of ropes under zero-load condition was measured by hanging ropes on a wooden frame (Fig. 2) . The ropes were tied at one end of the frame and the other ends of the ropes were tied to small cylindrical metal bars of equal weights (260± 3 g). The initial length of the rope was set at 100 cm and the temperature of the environmental chamber was set at -20°C and 20% RH for 7 days. At the end of the test, the length of the rope was measured without disturbing or stretching the ropes. For the control, the same length of rope was tied and the temperature was maintained at room temperature (25°C) and the extension was measured at the end of 7 days.
Data analysis
The data were analyzed using SAS 9.3 (SAS 2012) program and LSD and Tukeys test were performed to test whether the variables such as diameter, temperature and type of ropes had a significant effect on the tensile strength. 
RESULTS AND DISCUSSION
The tensile strength of hemp rope was significantly higher than the tensile strength of the sisal rope irrespective of the diameter of the rope. For the hemp rope, the tensile strength of 10 mm rope was the highest followed by 8 and then 6 mm rope. In case of sisal, the 8 mm diameter showed higher tensile strength than the 10 mm rope while the 6 mm had the least tensile strength. This variation may possibly be attributed to the differences in the manufacturing process and source of the fibre because the sisal ropes were obtained from different distributors while hemp ropes were purchased from the same distributor.
Temperature had a significant effect on the tensile strength of both hemp and sisal ropes. In sisal rope, higher tensile strengths were observed at temperatures of -10, -20, -30, -40, 0, 10 and 30°C (Fig. 3) followed by tensile strength at temperatures of 20, 40 and 50°C. The lowest tensile strength was at 60 o C. For the hemp rope, there was similar trend in the highest and lowest tensile strength grouping whereas there were differences in intermediate grouping. In hemp rope, the tensile strength was higher at 10, 0, and -10°C followed by at 20, 30, 40, 50, -20, -30 and -40°C. The tensile strength of the hemp rope was the lowest at 60°C similar to sisal (Fig. 3) . The results showed that at 60°C, the tensile strength of natural fibre ropes decreased significantly, while at low temperatures (below 0°C), the tensile strength of ropes were not affected. Chand and Hashmi (1993) also determined a similar trend of decrease in tensile strength at higher temperatures for sisal fibres.
The breaking load of 2 mm diameter twisted steel cable was tested for comparison with natural fibres, and the average breaking load of the steel cable at room temperature was 4139.7 ± 387.9 N. The breaking load of the steel cable was on par with the tensile strength of 8 mm hemp rope at 3605.0±610.6 N. Schwab et al. (1991) tested the vertical load on temperature cables inside the full-scale grain bin, and the maximum vertical loads observed on oval shape vinyl covered aircraft cable (7.8 × 4.7 mm) and round shape (16 mm diameter) HDPE (high density polyethylene) cables were 2000 and 3600 N, respectively. They also found that radial positioning of the cables inside the bin and the surface material had significant influence on the vertical load developed on the cables. Even though breaking load of 8 and 10 mm hemp ropes were more than the vertical load exerted on the temperature cables inside the grain silo, the frictional properties of natural fibres may increase the vertical frictional load on the cables during grain unloading. Commercial temperature and moisture sensor cables are made of two steel cables, which correspond to a rope material of more than 16 mm diameter of hemp rope. The increase in contact area will increase the frictional load on the cables. The water absorption properties of natural fibres may also produce an environment for microbial activity around the cable and may produce localized hot spots, which could lead to increase in temperature.
Elongation
The results of the elongation tests showed that the elongation of ropes at room temperature was higher than at -20°C (Table 1) . These results indicated that mild shrinkage might occur when ropes are exposed to freezing temperatures. More testing is required at varying temperatures to evaluate the shrinkage of natural fibre ropes. CONCLUSIONS Hemp ropes had significantly higher tensile strength than sisal ropes at all the temperatures tested ranging from -40°C to +60°C. The tensile strength of the hemp and sisal fibre ropes was not decreased at freezing temperatures (0 to -40°C) but the tensile strength was decreased at 60°C. Breaking load of 8 and 10 mm diameter hemp ropes were comparable to the breaking load of 2 mm diameter steel cable currently used in grain bins. But the increase in size of nature fiber cables might significantly increase the frictional vertical load on the cables. Further testing should be done to determine the frictional properties of natural fibres against grain bulk. Sisal 6 1.0 ± 1.0 6.0 ± 1.0 8 1.7 ± 0.6 5.7 ± 0.6 10 3.0 ± 1.0 6.3 ± 0.6
Hemp 6 1.3 ± 0.6 5.6 ± 0.6 8 2.0 ± 0.0 6.0 ± 1.0 10 2.3 ± 0.57 5.6 ± 0.6
